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A oMls>7fl^, o.^ -oflA-] ^ ^t"* ^Hfr 7fl ^ 

°1» ^*fl, -§-H= *S.ZLEfl si (Acoustic Holography)* -§-^ <3 

^ -g-^SM: ^JIS ^^Hfr *\)2 #711; ^-71 ^ °l-8-*>^ 

^ #t V -g-o^ 0.^.0. *j| 3 ^j; A o V 7l -g"^ ^HH ^7l -g- 

^ ^71*>JL, q-^1 -g-#°l ^*fl*Kr*l-i- ^t^Rr ^14 #31; ^ ^7l #t!HH 
^oj 2^fl*Hr ^-71 ^12 #7113. sl^^m *fl5 #7111- S.^}^ 3* ^$£-3- 
^ 7111 -g-^al H o^* ^l^tbcr. 

4H# ^^l*>7l <H3£ ^-follt, iHB^H^^l ^^^^^^-S. 7flt 4i-g-^-&# 
£ 3b 
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*3.ZL2fl-5), -§-<£, -g-^V, 
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'20O3C 
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-g-%t l-^zi2fl3]# ol-g-^V 7^ ^{Method for visualizing the 

sound fields of individual sources by acoustic holography} 



£ 2^ 2^^/^-^#^ 31^ 1-^- 

5L 4b, 4ctt £ 43^1^2] ^-§- W ^^2] ^ 7^5. ^ ^ 

£ 6^ ^tiV^j^ «o V ^°ll 4^- £ 52] ^2] 

£ 7a vfl^l 7d^ ^°\] £ 5^21 z}z|o] i^^o] #<y-2} -g-^ £i51. 



* 51 ^2] ^_2.Jf-g-°ll 
100 : 

10 60: 
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70: o>ol^.5.^ <HeH°l 
80: 



^Ml^Tfl^, Cf^o] o.^s. ^oflAi ^SrM: ^ 7fl1 ^-§r ^tt*H 

<i 5 > ^ ^szLsfl^ *S.rL^^ole}Ji #^4-^ 2^ #^*r 

<*] cf^ o}<£|s} 0^0^ ol^lAl El (Intensity) ^ ^-^ M^-g-g- <*ll^Hr ?A 

$X°-*\, *r-§^> ^ <3^Kr #^>ll ^> A > 

<ie> ^*H3°] tr £-U= *^^-2fl^^ Williams^ Maynard^l 

<i)sfl *H°r£l&:n.[E. G. Williams and J. D. Maynard, "Holographic imaging without the 
wavelength resolution limit," Phys. Rev. Let., 45, 554-557, 1980], ^ 7^d^ & 

<17> €-S.ZL^^^l^ ^ ^ #^3HH -S-°*M- * A H1 ^*Kr a o^[J- D. 

Maynard and E. G. Williams, "Nonwavelength-1 imi ted holographic sound field 
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reconstruction," US patent 4415966, 1983]2r #^*}^ H o v ^[J. Hald, "STSF- a 

unique technique for scan-based near-field acoustic holography without restrictions on 
coherences," B&K Technical Review No. 1, 1989], <£^o_g_ ^*>^ U ^[H.-S. Kwon and 
Y.-H. Kim, "Moving frame technique for planar acoustic holography," J. Acoust. Soc. Am., 
103, 1734-1741, 1998], cfl^-^ §-^*l *ll 21787231 2] ^.ZL^* *^*H 

^# ^ A o v 2r*H=r £ ^[^^tr, 1998] f-°l SX^. 

<18> =LZ)JL, tfltr^ ^s-^ ^1366206^^1^ ^tfl<3 ^^§- ^W^Kr £ w o v ^ , 

°1» °l-§-*>^ Sr^l A ^ A o v ^« sqsl^Rr *1^4 y o v ^°l Til ^1^1 <H 

<i9> -g-i£ ^szLSflsl *S.zl^^51 ^ ^ #3.ZL2fl-£l (planar 

acoustic holography), -S-^= ^S.ZLEflsl(cylindrical acoustic holography), ^ -g-^ 

s) (spherical acoustic holography) ^ °l-8-*M ^tr^.tJ. D. 

Maynard, E. G. Williams and Y. Lee, "Nearfield acoustic holography: I. Theory of 
generalized holography and development of NAH," J. Acoust. Soc. Am., 78, 1395-1413, 
1985] . 

<20> se*V, ^^1^.^^ (Boundary element met hod H <y^S] ^ A o v * £fe l-^.ZL^°fl 

cfl*! ;*}-§- wJ-^S 7ll^-Sl<>|^ c f[W. A. Veronesi and J. D. Maynard, "Digital holographic 
reconstruction of sources with arbitrarily shaped surfaces," J. Acoust. Soc. Am., 85, 
588-598, 1989]. 

<21> -#7l S]- -g-*J= #S.ZLEfl5il cfl*V <£^l-£- ^S. ^sfl ^SRr ?H1 ^ 

^^ol u^*} Si^cfl, ^ ^^Hr ^ ^^°1 ^fl^" nflofli=. °l^tr ^ 
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^sfl^^ 7flt i-g-^Hl 3]*V 7 flt ^ ^ ^ 

<22> cf^o| ^^o] ^7fl*H= -g-^ #S.ZLSfl5i]ofl^ ^o] ^(Stat ionary)°l 

JL, i-l-^-i-ol Hi ^( incoherent)^ 7flt -g-#* ^ *r SI 

<23> Hald^ ^ 1HI (singular value decomposition)* °l-g-*fl 7fl1 *^lr* 

^jl a|s.s]-^j7 [J. Hald, "STSF- a unique technique for scan-based near-field acoustic 
holography without restrictions on coherence," B&K Technical Review No. 1, 1989], 
Hallman^ Bolton^: ^ 7)^Sl ^ « 0 V ^ (part ialcoherence methodHl 7]£,*ft 7^ *^-I-8: 

^*>3iJl 5>^cf[D. Hallman and J. S. Bolton, "Multi-reference near-field acoustic 
holography," Proc. of Inter-Noise 92, 1165-1170, 1992]. Kwon-4 Bolton^: 
(residual method)* <>l-g-*fl 7flt ^*Rr H o v ^* *H°Jr*rS^[H.-S. Kwon and J. S. 

Bolton, "Partial field decomposition in nearfield acoustical holography by the use of 
singular value decomposition and partial coherence procedures," Proc. of Noise-Con 98, 
649-654, 1998], Ruhala^f Burroughs^ ^ 7}<^5L ^ «J^* ^* ^I^S^tR. 

J. Ruhala and C. B. Burroughs, "Separation of leading edge, trailing edge, and sidewall 
noise sources from rolling tires," Proc. of Noise-Con 98, 109-114, 1998]. 

<24> ol^tr a o V ^l-& ^% 7\V\o\c^ ^3H* ^^1*>^ A $1*1* 

A>^ofl n|e) ^-^l^ol 01 cf. SEtr, **§= l-5-ZLefl3q# ^<5}7] ^ofl i-g^}£] 

^)^« D l5] 4^-2.51*1, i-§-€^ 3]*1 4^-* ^-3 -2-3. **J= tSasfls) ^J*]- ^ 
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<25> o)*\ t -g.^ #5.ZL2fl:sHH -g-^-o] ^o]^ ^-g-^o] ti] ^( incoherent ) 91 

ofl <3<^HH 7M ^-g-^l-ofl ^tr -B-^-i: ^*Rr y o V ^* ^ W. 

< 26 > s. l£r ^tiV^'d ^H^/^i^ 31^1 l"^- t^SoIjI, £ 2^ <^a_V^oi 2°^/^ 
^ 7-^5L°M. 

<2?> £ lofl ^, <^a]Jl x(f) ^ N ( f )6|| ^*fl Sfl^-sH ^ISS. #3^. °1 «fl, 

N(f)^r <QmiS. X(f)^- al^o) ^TfloH, ^ ^54- 0 J3^1Jl X(f)* 
%-X\6\) ^t}^, S-fl^-sl^l #^Jl Y(f)^ ^>7l (auto-spectrum)* °>2fl^ ^ 

<28> s ls ^' 2 

11 

<29> C*J 7 H, S xx (f)^ <^^Jl X(f)^ ^}7l ^2=^, S xy (f)^r 9m*\3L X(f)$r # 

saJI TOs] ^«]2=%j (cross spectrum)* M-^^t)-. 

<30> a o v 7] ol^Al^ X (f) tfl^H °>2fl^1 ^«H2^ ^ ^^Is X(f)s+ ^#31 2}-^ 
^(coherent )<?! ^!J>» ^§*H #7l tfl«g*r^. ^^1^ oysflo} ^«H3 

<31> 2] R W = C (W> 

<32> - >■ a is^l 2 
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<33> £ 2«1M, ¥ Xx(f)^ X 2 (f)fe ^-^^^S. t 1 *^ ^-*d 

^ofl, Y(f)3 ^>7l ^^4^ Qo] z| oi^ o. i-§-^Hl 

<34> 

S>r(/) = Snn(/) + S l2re (/) 

l^r^r^H 4] 

<35> <^7H, S Y lYl(f)^ % 3^ — a , S Y2 Y2(f)^ " S3 §H ^ ^ 

<36> # 7 ] Xi(f)s* X 2 (f)fe ^r^l ^H-E-B, Xi(f)s1 «a#4M B^ X 2 (fHl ^ 

tb #^£r 44*1, #34L£ Y(f)4, Xi(f) Xi(f)<H| ^*HJ-#Sl ^IS. 

Rl (f)^ 4^<5}^, % «l*fl Xi(f)4 7H^£r o>Efl^1 =^H54 ^ol ^ ^ fltj.. 

<3?> c \S.M\ 2 \S m -yi/)\ 2 

S nn U)- S)nXi(/) ~ Sww (» 
<38> a> 7 ) z>o) ^ytfl ojH S.^ £E^r €^Hr , #3 

<39> a o V 7 1 7 fli* ol^AlJl £E^r ^ #^°] ^IJlTr A 5"*14 ^-g- 

-g-*H0J:3.^-sl <£-§- ^ SZ^JI, St *\ 44 ^ *3.:n.Hfl4* °l-§-4°4 

^ T^Hr U o V ^ 7l§ ^ola^i ^o] AflA^ Z^-Z^ i<g-«§4 7>4 
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< 40 > f^*fl ^ ^S.ZL^ ^ ^^Hr ^&°\} c^«q ^%o\ ^ 7 fl 

^ ^4-^1^ 7111 i^l^l -8-^-8: **>^- =L ^ ^ ^ *r 5^. 

<4i> SEtb, 4i-§-^^ 7>^>olcHl ^1^11- °l-g-«><^ s&3L% °l-8-*H 7fl 

<42> ^ 7 ]9± ^ ^efl 7)^2] -g-*ll^ Sfi^^l 3 & £ ^ ^ ^ »S-ZlEfl3] ^ 

^&*\S.5L ^*}51, ^7} Q# ^^IJl* °}&*\^ ^* ^*Hr ^"8: Xl^Rr 

<43> av 7 i -s-^^- ^e>7l ^*><*| l^^g-, -g-^ 3) (Acoustic Holography)!- °] 

■8-tb ^ 'StfaJ- *SZL^^ofl^ -g-oj-g. o]^t}^ &#&<q*\ 

^71 $1*1 3 -g-^-g- 7R1^ ^MJlS ^SHr XI 2 #31; ^-71 Sj^ ^ 

Ajjr-i- ol-g-^V^ ^"71 ^#*V -g-*i^ -g-^-l: 5L#^ afl3 #31; ^1 #*fl 

#7l ^#*V -g-^ -g-#-g- XlTl^Jl, M-H^l ^^fl^lt #t*Rr XI 4 #31; g # 
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^ o_jg. SVfe 7flt ,g-# y o V ^^r 

< 44 > ^71 *fl3 #3HH£| _g.<yo| -g-^ka-, Aj-^-Al^s. Ol-g-^ A cM "S-^^ 

e^o])A^ yj- o.<£o} 71^^ T^SH *>*r it W# ^ A o V 

<45> O^}, H^-gr #S<5}^ ^- ^AHlofl Hf^ -g-%V l-SZLSflSll- ^-g-^- 

<46> £ 3a, 3b^ ^°fl 7flt -§-^1-^ ^^71 ^tb -tiJL*!^ o^S] 7^51 

<47> 5L 3b°lH, 3*1, *SZL^^oflA^ ^tb^.(S300) 

^tf.(S310) 

<49> ZLBi D^g-, ^-71 -g-^*lH 7># ^ ^^1* 3^*11 ^MJ3 $1*1 3- # 

7l aJ 1 ^ ^*1^1 -S^St* *MI3 ##4! 5:3. ^^tb^.(S320, S330) 

<so> zie^Jl, #7l S320 #3HH ^Ai^ o]^.^ ^-71 aJ^^fl -§-^°fl 3* 
^tb^.(S340) 

<51> HEjJl, "g-#*IM ^^Hl ^7i*V M-^^l ^*ti*Hr A] 

» ^tW.(S350) 
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<52> aV 7 ) #*\] ^o\]x\ -§-^-# afl^tr €r*l|*Hr 

6JH ^^fl -g-^ q-^^l jE#t3: -1, #71 S320 S350 #31-1- , ^ 

*Vcf.(S360) 

<53> #7i^ j^-g- tiV4 ( ^^a} 3**H 4i^HH ±.^%^\ 2\% At 

^B^JlS. ^€ i^HH ^(spectral matrix)^^ ^4 ^^IJl-I- 



<55> 



<56> 



^•71 S300#3HH -g-^ N7fl 31*1^ -g-<y-g- P S i(f), P SN (f)^ ^ 

^Kspectral matrix) S SS (f)^ ^^6^ ^1 S^^^f. 



<57> 



Sss(f) = E, 



P'si(f) 



P' Sf Af) 



[Psxif) ... Ps^m 



[^*H4 6] 



<58> 



<59> 



^-71 S310 #3HH, (random)*!- ^(stationary) ^SMH 3-* l-S^-efl^^ 
£ f-S] ^*Va1 6 j4 ^-o. ^gjle^ ^-g- ^o]^. 
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<60> ^7} 6 o| SsS (f)^ M7fl^ ^ 3L±r ^ti^Rr ^7) 

<61> „, Ss^/) =S sia (f) + - + S SNSf A/) 

<62> ^7}^, SsiSiCOfe i^^fl 7}c^^ M-E^-^Cf. 

<63> -S-71 6S] Sss(f)^ ^^(rank)^ ^3<*1 ^Ml ^*fl ^^H, ^ ^ 

iHcK ^th Sss(f)^ ^^^(Hermitian) 0 !^!, ^ <#^*1 (positive semi-def inite)°l5.S , 
o>Eflo| Qo] ^n?} 7pg-*}t}-. 

<64> 8] M-rMTM 

<65> o^H, r*(/)^ M>{s , sg^olJL, -fr*J*»H £?83*lSr e^r 1 }. ^71 75L i^Slr 

S ss (f)^ wj-^ (singular value decomposition) ^-8r LU ^:*fl H o v ti(LU 

decomposition method) ^ <H*ltr °1^*>^ ^«fl^ ^ 5£^. 

<66> "r^HWH, m^^fl ^ r 5 , m 0) s a^^, ^-^2] m #*|| ^*HH ^ 

1- mmax 5} *U, r ^S] m max »l*1) 1* r — W ^ « *i*fl SssCfH "A* 7 1 

<67> . f1 r\{f)r^Af)r:^{f)r^f) 

[*r*M 9] 
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<68> AV 7 ] -g-^Tg Z]- ^ oil o| ^«]H 5 j4 A^ Cfs. ^s. A ].olo] Aj-J: ^^jE^ O.^. ^ 

^€ i^Hfi ^(spectral matrix) S S s(f)°fl A i ^^9^ ^o^^s}:^ % «i^fl dt£- 

7)c£\^ *\]7]$; M-^^l « Sssi(>) tt °f2fl^ 10^ ^-o] ^ ^ 

[^^j-Al 10] 

<70> A o V 7 ]^ ^-o] ; Z]- ^o1lA-]oj ^7] ^3jlEBj A^ ^-1; Aj-o] 2} Aj-J: 

^oL, cl-A] A o v 7 i q-^^i iS]E^ ^H^H s>u(-^ 7M^ ^7]^^ q-^^l 



7} 5L 4a4M ^#*1^ ?ms., £ 4c^ #7l £ 4b^ i-S)^ ^ 

<72> £ 4a £ 4c^H, °}3-1k #*>(100)«ll 67fl2] ^3X]?Kl0 60)1- 3" ^ 

lm °fl 67fl^ 7l§ n>olaS.^(nliAl)^- ^^-cf. ZL&|JL ( #7} 7^ t^^i 

Hj-A)-^ -g^o} -g-oj-i; ^^g*>7l ^Sfl, ^V°l3.S# ^Bfl°l(70)# T 1 ^^. 
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< 73 > JEth #7] 7l§ n)-ol SS .S.^ nVolH^S. o^o]*. 3§-f%X] =1=^*1 4=^ O^Ei 

1- ^JL^^, *S.ZL^# ^^-5|-^>7l ^^(80)21- ^Jl^^^ tH^I}. 

<74> A o V 7 ]Sf ^ o.^: t^zeflSl Al^EfloflAl, ^S.ZL^^^ ^ C>a^ #*>o] 

^HH 42.7cm ^°11 ^*l£]?fi ^*1tt ^4HH 32.1cm 

<75> 4V 7 |a}. £o) #S.ziEfls1 ^Efl-g- ^ , 247fl2] p>ola.^s.^- 5cm ?_^o^ 

^2)^0] ^^J- n>o]3.S.S. o^eflol* ol-g-SH #3.13.^ *3<>lH 2} ^l«o V 

f$o_3_ ^t\jL, ^7) v\°]3.S,& <H3M1- 431 ^7}9] 6° #3-2.5. ^l^AS. Si 



< 76 > t= 5 ^ ^. 7l £ 4a ^^2i ^ ?m ^-7]^ ^ *m *>m-21 7l§ P>°lH3.£- 

<78> £ 6°1H, ^sHrfe- 400Hz°H, ol ^3H= ^oflA^ 4 7fl^ ^^1^7> ^iL 

zmm, 5. 6°iH^ 371121 ^-^^ ^^l a°U, *W ^thi ^tb 

*H ^ ^^6fl °i*fl ^13*1 &-S--8: ^ a^. 
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<79> SL 7a vfl*l 7dir Hr^ofl >4^ A o v 7l £ 5°lH^ _g.<y-o} ^j- «je. 

S.o]t±. z|zj-, 3*fl M-EfM-^ 

<80> £ 7a vfl*l S. 7<HH, £ 64Mfe ##*V*1 -g-^-S. 

*HtH*s^ 41*1*1-3 °1 ^^^HiTfl^ o] ^3 

^ -g-^o) ol-g-§>c^ 7fl t ^1, ^S^O- . ^ ^"5-^ 

<83> HLth i-g-^Sl ij^l* A^ofl ol^l*]- ^o-, ^, T^*]-^ El-olol, ofl^, ^ ^ ^ 
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-g-^ *S.ZLSfl 3] (Acoustic Holography)!- °l-§-*V -g-^2l o§#3- « 0 V«H1 flo^ , 

#7l #^^^1^21 7># ^ ^S-^-Sl ^^11- ^"Jr ^>l4^ ^-8: #7l 
-g-<y-&-§r aRI^I ^JiS *ll2 #7fl; 

^-7] ^Mit °l-§-*>^ #7l ^"^^ £#*Hr *fl3 #31; 

#7l ^sfl -a-^^ -§-^ -g-#* ^Tjel-ji, M-^^l -§-#°l ^*fl*r 

^-71 *fl4 #3H1*1 q-^A] -g-^-ol ^fl^ ^^MItt, #71 ^2 ^31 5- S^Rr *fl5 # 



2] 

^1 1 *<M1 $X°]*\, 

#71 ^13 ^TlHlAi^ o.^^ o.^ ; 

#71 M A JM °l-§-*r<*l #71 A ^HH^l A>7l i^B^ a-is. 3 

^ol^ aV^ ^rflEBjo.s. ^£l^ i^E^ a^^M^ ZV ^-^^1 7H^=-i: 7fl#^ £ 
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3] 

^^Jii ^s}^ ^12 #711; 
^■7} ^*]Jl» A oM -S-^^ -S-^ *I13 #7fl; 

^"71 -§-^ ^VoflAi a o V 7 1 £-^o] ^Vol ^T-fl*} 

tt*1* *fl4 #711; ^ 

^•7] *fl4 #711^ #n} ^1 -g-^Vo] a*fl*H^ ^^-ofl^, a o V 7 ] ^ 2 #7115. 3M«Hr *fl5 # 
Till- ^^^17171 W ^S.ZL^^- 7l^t ^ SZtt 71^-nfl^. 
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IS. 3a] 



Estimation of pressure 
on source plane 




Selection of signal at 
maximum peak position 




Estimation of the first 
source's sound field 




Calculation of the remained 
field 




Selection of signal at 
maximum peaj^position 




Repetition 
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5] 




Frequency (Hz) 



[51 6] 




8 (degree) 



26-24 



1020B30002354 
[51 7a] 



dB 




0 (degree) ■ 

[51 7b] 



dB 




e (degree) 



[51 7cl 




6 (degree) 
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[5. 7d] 




e (degree) 
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